Pigments found in spleen, lymph nodes, kidney, thyroid, adrenal, liver, ovary, central nervous system, heart and connective tissues of aging F344 rats were studied morphologically and histochemically. The morphology of the pigment accumulations depended on the tissue affected. Pigments resembling lipofuscin were found in most of these tissues. The ultrastructural appearance of siderosomes in splenic macrophages suggested that erythrocyte degradation was responsible for pigment production. Adrenal ultrastructure showed that lipofuscin-like material may have originated from degradation of lipid droplets of epithelial cells.
As animals age, normal physiological and degenerative changes occur that result in the formation and deposition of pigments in various tissues [4, 171. The association of pigment deposition with aging suggests that pigment production is part of the aging process itself. The F344 rat often is used in chronic toxicology and carcinogenesis bioassays over most of the rat's lifespan. Chronic exposure to chemicals may cause the formation of cytoplasmic inclusions that are difficult to distinguish from aging pigments until the latter are characterized clearly [ 151. Specific aging lesions have been described only superficially in this rat strain [2, 6, 161 . Our paper concentrates on the characterization of pigments in tissues of aging F344 rats.
Materials and Methods
Aging male and female untreated F344 rats, 50-108 weeks old, were obtained from commercial suppliers and used as controls in carcinogenesis bioassays [6] . Complete necropsies were done [14] and tissues were fixed in neutral buffered formalin or Tellyesniczky's acetic acid-alcoholic-formalin. Sections were stained by one of the following methods: hematoxylin and eosin (HE), iron (Perl's or Gomori's), periodic acid-Schiff (PAS) with and without diastase, acid-fast-Kinyoun's. Special stains were done using tissues of 20 aged rats and 10 young rats, 4 1 2 weeks old. Frozen sections of fresh adrenals and spleen from two 108-weekold rats were prepared and stained with Sudan black and oil red 0. For electron microscopy, spleen and adrenal glands from two 2-year-old F344 rats were fmed for two hours by immersion in 2% cacodylate buffered glutaraldehyde, post-futed in 1% cacodylate buffered Sections were cut on an LKB ultrotome IV (LKB, Bromma, Sweden), stained with uranyl acetate and lead citrate and examined in an electron microscope.
Results
Pigment deposition in several tissues was seen in almost all F344 rats as they aged. The pigments rarely were seen in young rats under 3 months old except for some renal tubular pigment. The site and histochemical characteristics of the pigments are given in table I. Not all tissues were searched extensively for the pigments; rather the most common and obvious pigments were characterized.
In the spleen, the pigment was granular and abundant in sinusoidal macrophages. It usually was strongly iron-positive and PAS-positive with and without diastase treatment. Some splenic pigment was not PAS-positive. Rare foci in the spleen were acid-fast. Ultrastructurally, the splenic pigments showed the typical features of siderosomes. They were membrane-bound, were of moderate to high electron density Especially in mesenteric and bronchial nodes, reticular cells lining sinuses sometimes contained dark brown granules that were not PAS-or iron-positive.
Pigment was found in renal tubular epithelial cells, lumina and interstitium throughout the cortex. Some pigment was iron-positive. In younger rats, 50 weeks old, pigment was found primarily in epithelial cells. Most of the epithelial pigment was iron-negative, with only an occasional granule or clump of granules iron-positive ( fig. 3) . Most of these pigment granules, however, showed a faint PAS-positive reaction. Luminal pigment sometimes was iron-positive in these younger rats. In 2year-old rats, tubular pigment was either iron-positive or not. It was especially abundant in rats with mononuclear cell leukemia. In normal tubules, individual granules were iron-positive more frequently than were clumps of pigment ( fig. 4 ). Iron-positive pigment frequently was seen in atrophied tubules of rats with aging nephropathy [2] . Interstitial foci of iron-positive pigment usually were associated with fibrosing lesions of aging nephropathy including atrophied tubules, thick basement membranes, and glomerular lesions.
Pigment was seen in the thyroids of only a few rats. It might have been seen more often if serial sections of thyroid had been prepared. Usually, only one or two follicles had pigment. These follicles usually were larger than normal follicles and frequently were located on the outer part of the thyroid ( fig. 5 ). Pigment was strongly iron-and PAS-positive in follicular cells, exfoliated cells and clumps of debris in the colloid. Some globules in colloid clumps were acid-fast.
In the adrenal, pigment was most abundant in the zona reticularis, but also was found throughout the gland ( fig. 6 ). In the zona reticularis, it occurred in pale brown and granular clumps in macrophages and epithelial cells. The macrophage nuclei were similar to those of epithelial cells. Much of the pigment was strongly iron-and PAS-positive. Some pigment, however, did not stain by these methods. A diffuse pale red staining was seen in some pigment clumps with acid-fast stain. The pigment granules usually were not acid-fast. The adrenal cortex stained strongly black or red with oil red 0 or Sudan black stains for fat. The pigments were in these zones and could not be distinguished easily from the lipid in the epithelial cells. The ultrastructure of the adrenal pigments was the same in all parts of the cortex. In general, the pigment granules were small in epithelial cells, but formed large masses of confluent granules in macrophages ( fig. 7) . The smaller granules were enclosed by a membrane. Their electron-dense contents showed a finely granular substructure, and small lipid droplets were seen. The large pigment masses found in the macrophages (fig. 7 ) demonstrated more clearly the ultrastructure of lipofuscin. They consisted of many confluent electron-dense granules and numerous lipid droplets.
Hepatic pigment, primarily iron-negative, was found in Kupffer's cells, especially in rats with mononuclear cell leukemia. A few foci were iron-positive.
Pigment in the central nervous system was found in neurons in the cerebral cortex, ganglia and cerebellar Purkinje cells. In HE-stained sections, it was seen as clusters of faint yellow pigment, usually adjacent to the nucleus. It was strongly PAS-positive and strongly or more often weakly acid-fast. Pigment was pale yellow-brown in foamy interstitial cells of the ovary. Most of the pigment was strongly acid-fast and PAS-positive, and contained iron. Granules in cardiac myocytes were seen only after acid-fast staining. They usually were present at opposite poles of the nucleus ( fig. 8 ).
Pigment seen occasionally in the interstitium (connective tissue) of several tissues was usually iron-positive. It seemed to be associated with focal chronic inflammatory lesions. Abdominal mesotheliomas, seen in 1% to 5% of the rats 161, frequently had abundant iron-containing pigment in their stroma. 
Discussion
Pigments in tissues of aging F344 rats resembled those described in other rodents and strains of rats [l, 3,7-131. Most of the pigments were compatible with lipofuscin, although the degree of acid-fastness varied and sometimes was weak. The common presence of iron-containing pigments in spleen, adrenal, thyroid and kidney probably indicated iron metabolism by these tissues. With respect to their ultrastructure in the spleen, the iron-containing pigments may be considered siderosomes which contain hemosiderin or ferritin, or both, from normal physiological processes, hemorrhage or inflammation [5] . Although lipofuscin accumulations contained iron in F344 rats, the cause of this complex is unknown. The distribution of acid-fast staining in pigment granules and clumps depended on the tissue studied. In the ovary, strongly acid-fast material filled the entire cytoplasm, while in the heart, tiny acid-fast droplets were seen on opposite poles of the nucleus. The various morphologic types of lipofuscin granules have been documented in brain [ 171.
Characterization of these age-related pigments should aid in differentiating them from pigments induced by exposure to chemicals. Hair dye components (usually aromatic amines) and tetracycline have induced pigment deposition in various rodent tissues [ 151. Exposure to 2,4-diaminoanisole sulfate induced deposition of a dark brown granular pigment in the thyroids and adrenal glands. It did not, however, contain iron nor was it acid-fast. Thus, it could be differentiated from the normal aging pigments of the F344 rat.
